One of the most marked biochemical changes in plants knowvn to accompany 2,4-D4 treatments is the increase in nucleic acid. Rebstock et al (33) found the nucleic acid content to double in the stems of bean plants after 2,4-D treatment. Similar increases in the RNA content of 2,4-D-treated cucumber plants were reported by West et al (40) ; 2.4-D treatment was also shown to alter the RNA content of excised tissue both in cucumber and in corn (40) . It has been proposed that auxin action is linked to nucleic acidc metabolism (36) , and that an alteration of nucleic acidc metabolism is involved in the ablnormal growtlh and development of 2,4-D-treated plants (33) . Work by Marre and Forti (24) has shown that auxins initiate a large increase in ATP in pea stem sections within 30 minutes after treatment. More recently Ormrod and Williams (29) have shown that 2,4-D treatment causes a rapid rise in soluble organic phosphates, suggesting an increase in such compounds as ATP (since inorganic phosphate is usually incorporated into organic compounds via oxi(lative phosphorylation). RNA is apparently involved in such processes as protein synthesis (3) , oxidlative phosphorylation (12) , and ion absorption (19, 38) , processes known to be affected by 2,4-D (9, 16, 28, 35, & 37) . Soluble nucleotides are involvedl in such essential biological processes as oxidative phosphorylation (20) , amino aci(d metabolism (8) , carbohydrate transformations (14) , and lipide syntheses (15) . Therefore it seemed that additional basic information oIn the effects of 2,4-D on nucleotide metabolism was needed.
These data are results of experiments undertaken to study some relationships of 
RESULTS
PROTEIN & NUCLEIC ACID: The general morphological and growth responses to 2,4-D (5 X 10-4 M in the experiments reported) were essentially those often reported, and are described in a previous paper (16) . Elongation of root and shoot of treated intact plants was almost completely inhibited, apparently due to inhibition of both cell division and cell elongation (34) . Normal meristematic activity was resumed, at least in part, above and below the cotyledons 1 etween 2 and 3 days after treatment with 2, 4-D. Root growth which is dependent upon food reserves from the cotyledons (39) did not show this recovery. Disorganization of the phloem resulting from uncontrolled cell division (10, 34) might account for lack of recovery in the root tissue. Tissue proliferation in the lower hypocotyl and root became apparent between 48 and 72 hours after treatment with 2,4-D.
The changes in protein and nucleic acid per plant (less cotyledons) accompanying 2,4-D-induced growth abberations (fig 1) , are in general agreement with published results (33, 35, 40) . The changes with time are of special interest here. After 3.5 days of growth there were no marked changes in protein or RNA in control seedlings, although the slight increase in protein and decrease in RNA were found reproducible. In contrast the RNA content doubled in 2,4-D-treated plants between 24 and 48 hours after treatment. The peak in RNA content occurred just prior to the tinme proliferation in the lower hypocotyl became apparent, suggesting a rather direct interaction of 2,4-D-induced RNA synthesis and cell proliferation. The increase in RNA seems not to be a simple increase in cytoplasm since the protein/RNA ratio decreased very markedly in treated seedlings, especially at 48 hours after treatment. As the plants recovered (4.5-6.5 days), there was a noticeable shift in the protein/RNA ratio back toward normality.
Similar analyses were made separately on hypocotyl and root tissue and revealed that the effects were obtained in both tissues, although the changes were of greater magnitude in the hypocotyls (18) .
It was of interest to attempt to localize the RNA changes so far as stage of cell development was concerned. In order to do this sections were cut successively from the hypocotyls, starting with the hlypocotyledonary hook as the 0.0 to 0.5 cm section an(d proceeding down the hypocotyl to obtain sections with increasing mean cell age. As shown in table I the largest increase in RNA occurred in the mature tissue (2.5-3.5 cm) which would have rapidly proliferated in another 24 to 48 hours. The increase in RNA in the first three sections (0-2.5 cm) was essentially proportional to the radial enlargement which these cells had undergone. The increase in soluble nucleotide whiclh occurred following 2,4-D- (13) , the different result may come largely from the increased buffer. A detailed study will be necessary to clarify these divergent results.
To obtain information relative to ADP incorporation under conditions more nearly comparable with those in the rest of this investigation, tip and basal hypocotyl sections were excised from control and 2,4-D-sprayed plants, and analyzed for nucleotides before and after floating for 10 hours on 0.002 M buffer containing C14-labeled ADP. In the tip section the 2,4-D pretreatment decreased the amounts of growth and ADP absorbed. The percentage of absorbed ADP entering the RNA was unchanged, however. In the basal section, the 2,4-D pretreatment increased expansive growth, ADP absorbed, and the percentage incorporated into RNA. In addition, this section had a net increase in RNA, just as would have occurred in situ (fig 1) . The sucrose and ammonium ion probably did not supply needed substrate as well as translocation from the cotyledons, thus reducing the absolute gain in RNA.
As has already been pointed out (40) , these data show definite differences between the effects on nucleic acid metabolism induced by 2,4-D in intact plants and in excised plant parts. The data also indicate that 2,4-D has some marked and basic effects on nucleic acid metabolism and on the acid-soluble nucleotide fraction of 2,4-D-treated sections and seedlings. Since alterations of nucleotide metabolism seemed basic to the response to 2,4-D, it seemed of considerable interest to characterize the soluble nucleotide changes which accompanied 2,4-D treatment.
SOLUBLE NUCLEOTIDE: Since the separation and identification of soybean seedling nucleotides had apparently not been done, it was necessary to first separate and identify the component nucleotides of normal soybean seedlings before being able to evaluate the changes induced by 2,4-D.
The elution chromatograms obtained from mature The data presented in table IV were used as the primary means of identification of the individual nucleotides so designated in figures 3, 4, and 5. In addition to the data shown in table IV similar ultraviolet absorption data were obtained at pH 2 and pH 11 and mobility characteristics in other solvents checked. These data are not reported because of complete agreement with the data shown in table IV. In the case of ATP identification, enrichment of an extract with 2 mg of adenosine-5'-triphosphate was the only technique used which clearly distinguished between adenosine-5'-triphosphate and the component present in peak K. Otherwise identical data suggest that the component present in this fraction may be another form of ATP. In addition to the identification of (4, 5, 11) seems to need some modificacationi. As pointed out by Marre and Forti (24) , the shift in the ATP-ADP ratio indicates first an increase in ATP as a result of activation of oxidative phosphorylation followed, in turn, by activation of endergonic processes. Marre et al (24, 25) attribute this activation either to the effect of auxin on the oxidlation-reduction state of the ascorbic acid-glutathione system or to a direct interaction of auxin with the dehydrogenase enzymes. In view of the effects of 2.4-D on increasing the concentration of ascorbic acidl and soluble and protein sulfhydryl in soybean seedllings (17) , such an activation of the respiratory svstem is conceivable.
Another possible explanation of the auxin-induced respiratory burst could lie at the adenylate level. If it is assumed that the level of adenylate acceptor normally limits respiration (4, 5, 11) , an increase in adlenine nucleotide would presumably result in an enhlanced rate of respiration. The data reported in Large increases in RNA content of treated plailts were found, the maximum concentration being obtained just prior to initiation of cell proliferation in the more mature tissue. The protein-RNA ratio decreased markedly up to 48 hours after treatnment. after which time there was a decrease in RNA and an increase in the ratio. Alterations of ADP-C14 incorporation into RNA were effected by 2,4-D treatment.
Treatment with 2,4-D also induced an increase in acid-soluble nucleotides of soybeani seedlings. These nucleotides were separated and isolated by ionexchange chromatography and identified. Marked changes in adenine nucleotides were obtained, andi these changes are discussed in relation to auxin-induced respiratory increases.
Some changes in ascorbic acid concentration following 2,4-D treatment are discussed.
